The daily streamflow and sediment boundary conditions for water years 1958 to 2008 were developed using available continuous streamflow data, locations of large dams, and natural watershed boundaries. Modeled stream reaches represented in the model included the main branch of the Sacramento River and the main contributing tributaries below large dams. Streamflow and sediment data from 42 out of the 288 USGS gages in the study domain were downloaded from the National Water Information System (NWIS) [1] , and included records that ranged from four to 120 years for streamflow data and one to 58 years for sediment data (Table S1 ). Gages with the complete hydrologic record were used as boundary conditions when located on the model boundary. Other gages located within the domain were used for calibration and validation. Snow water equivalent (SWE) data for snow calibration were collected from the California Data Exchange Center CDEC [2] .
S2. Dams
The National Inventory of Dams (NID) [3] dataset is a compilation of state jurisdictional dams used primarily for hazard and risk assessment. The state jurisdictional dams are either 7.6 m in height or higher and exceed 18,500 m 3 in storage, or are 1.8 m or higher with more than 62,000 m 3 in storage coupled with a high hazard classification [4] . The NID is maintained by the Army Corps of Engineers (USACE). There are 1594 dams in California meeting the NID criteria above, and 471 are located in the Sacramento River watershed. For the purposes of this study, only the larger dams having a significant effect on trapping sediment loads were used to define boundary conditions. A series of criteria were developed to select dams to use as flow boundaries and that allowed negligible sediment to pass downstream. Dams used as boundary conditions in this model were chosen on the basis of sediment trap efficiency and watershed size. Large dams with high sediment trap efficiencies have the greatest contribution to streamflow and the smallest contribution of sediment loads. Table S1 . United States Geological Survey stream gaging stations used for model calibration (C), validation (V), and boundary conditions (B). Bold rows indicate gages located on the Sacramento River. Nf = North fork, Mf = Middle fork, Lf = Lower fork, R = River, C = Creek. Trap efficiency, or the amount of incoming sediment trapped by a dam, is a metric that depends on reservoir size, watershed area, and sediment yield. For this study, a simplified equation for the trap efficiency curve was used [5] :
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where C is the trap efficiency, K is the dam capacity (m 3 ) and W is the watershed area (km 2 ). Sediment trap efficiency was then normalized by the watershed area to form a value, CW, representing the watershed area scaled by the trap efficiency, using:
Dams were ranked by importance using the CW value, and an arbitrary lower cutoff value of 0.01 was used to determine which dams to incorporate (at least 1% of the upstream watershed sediment was estimated to be trapped by the dam). Thirteen dams from the NID database fit these criteria and were located on a tributary within the model domain (Table S2 ). Shasta Dam was omitted from the model because continuous time series data were available at Keswick Dam and an analysis of available sediment data from the Keswick gage indicated a very small contribution of sediment to the Sacramento River. When continuous daily time series data were not available at a dam or impoundment, the surrounding watershed above the dam was modeled to account for all sediment sources within the watershed. The Red Bluff Diversion Dam (RBDD) was constructed in 1967 and was used to divert streamflow to agricultural land southwest of the diversion. The RBDD was decommissioned to facilitate annual fish migrations but was operational through the end of the model period (2008) . Time series data from the RBDD were not available, so average monthly values from the United States Bureau of Reclamation [6] were used and scaled during the calibration process to match agricultural demands from the Sacramento River.
S3. Hydrologic Response Unit (HRU) Delineation
Using GIS data for soils, land use, elevation, and hydrography, the model domain was divided into HRUs. An initial HRU delineation was done using the USGS National Hydrography Dataset (NHD) eight-digit Hydrologic Units (HUC-8) defining the subdrainages of the Sacramento River Basin. Using similar soil and hydrologic characteristics the HUC-8 areas were either combined or subdivided to create 99 HRUs. BASINS [7] was used with the National Land Cover Database (NLCD) 2006 (mrlc.gov/nlcd2006.php) land cover data to calculate the proportion of each HRU that corresponded to each land use type. In HSPF, there is a limit to the number of model segments; therefore, the NLCD data was simplified from 15 to eight categories to decrease the total number of modeled PERLNDs and IMPLNDs. For each HRU, it is possible to have a maximum of eight pervious land units (PERLNDs, based on the land use within each HRU), and one impervious land unit (IMPLND) corresponding to the percent area of impervious land within the HRU. This enabled each HRU to be parameterized based on land use as well as physical properties including soil information and elevation. The delineation process resulted in 99 HRUs with a total of 361 PERLNDs and 99 IMPLNDs subdivided using the land use categories.
S4. Snow Calibration
Prior to hydrology and sediment calibrations, snow parameters must be calibrated by comparing observed snow water equivalent (SWE) data to modeled outputs to ensure a reasonable simulation. The Snow Mountain and Humbug CDEC stations provided daily-adjusted SWE data and New Manzanita Lake, Lower Lassen Peak, and Feather River Meadow provided monthly values of SWE (Table S3 ). HSPF generally under-predicted observed SWE in the HRUs with snow stations but was close to the observed SWE in the smallest basin that had measured data available ( Figure S1 ).
HSPF over-estimated snowpack for several of the years in HRU 7 but the average difference for the period of 1958-2000 was −7.5 mm and the overall trend of snowpack was similar to the observed data. The under-prediction of snow in the other model segments with snow gages (1, 24, 27 and 37) was expected because the snow-covered area was not represented by the large HRU that included lower elevations that did not receive snow. 
S5. Hydrologic and Sediment Calibration
Hydrologic parameters for each HRU were initially determined in BASINS by overlaying spatial layers of physical properties such as land use, erosion potential (k-factor), soil texture, slope, and hydrologic soil group. The calibration approach for this study maintained spatial relationships of physical properties used to estimate hydrologic parameters across the domain in order to compensate for sparse calibration data. This requires spatially distributed values corresponding to physical properties that can be scaled up or down during the calibration process yet still preserve the spatial characteristics of each HRU. Each hydrologic parameter was initially assessed using the BASINS Technical Note 6 [8] , with subsequent adjustments during the calibration process. In this calibration method, parameters are a function of spatial inputs such as land use and soils data. Some of the parameters are considered "calibration parameters", which initially start at an arbitrary value ranging by land use and are further modified through the calibration process.
Once the hydrologic parameters were developed, calibration was completed with the aid of the BASINS Technical Note 6 [8] . The modeled output of daily mean streamflow was compared to observed stream gage data with the full time period record (Table S1 ). Visual inspection of hydrographs and daily comparison scatter plots allowed scaling of the parameters until the best fit possible was achieved with additional consideration given to the gages on the Sacramento River, the main calibration target. The complete list of hydrologic parameters and ranges used in the model can be found in Table S4 . Visual inspection of flow hydrographs for the validation ( Figure S2 ) and calibration periods showed a good relationship of modeled to observed streamflow data. Modeled annual streamflow at the Sacramento River at Freeport location generally matched very well against observed data ( Figure S3 ). Calibration statistics for each gage are located in Table S5 .
BASINS Technical Note 8 [9] was used to determine initial ranges for each sediment parameter. The most common method for calculating sediment transport of sand in HSPF is the power function method [9] . The power function method is based on velocity and relies on accurate FTABLEs. The user adjusts the coefficient and the exponent in the sandload power function for each reach segment until the modeled results coincide with observed data. The Toffaleti and Colby methods were developed for wide rivers where the hydraulic radius is approximately equal to the depth, and are not often used due to lack of calibration parameters [9] . The Toffaleti and Colby methods are based on empirical relationships instead of calibration-based coefficients and exponents. The Toffaleti method was chosen because it showed a better agreement with observed sediment data than the Colby method. The Toffaleti method requires values for particle diameters and fall velocities of sand particles and HSPF divides the stream into four zones, applying the power function below to represent the velocity profile:
where U is the flow velocity at distance Y above the bed (m/s), V is the mean stream velocity (m/s), CNV is the exponent derived empirically as a function of water temperature (0.1198 + 0.00048 × TMPR), TMPR is the water temperature in degrees C, and FHRAD is the hydraulic radius of the stream in meters. A comprehensive explanation of the Toffaleti method can be found in the HSPF user manual [10] . To use the Toffaleti method, the modeled water temperature module HTRCH must be active within HSPF. The additional meteorological requirements for the HTRCH module are: daily solar radiation, wind speed, cloud cover and dew point. The transport of sediment is not very sensitive to water temperature for these conditions [11] , the meteorological variables from the Fair Oaks California Irrigation Management Information System (CIMIS) [12] station for the year 2004 were used for the entire model period. The mean particle size (D50) values were determined using a cumulative distribution function analysis of particle size distribution data from the USGS database [13] . Data were extracted for all gages in the model domain for which full particle size distributions were available.
For bed sediment, the median particle sizes for gravel and sand fractions were computed for each sample and averaged for each gage to estimate a D50 value for every reach. Settling velocities for sand, silt, and clay were computed using the method outlined by Deitrich [14] . The complete list of sediment parameters is in Tables S6 and S7 . The lack of reach calibration parameters with Toffaleti's method made the pervious and impervious land parameters essential in the calibration process and required a greater spatial distribution to compensate for the minimal observed data and fewer calibration parameters. Highly detailed and accurate FTABLEs also contributed to the successful calibration using the Toffaleti method. Results from the calibration of sediment varied by gage and results are shown in Table S8 . Modeled annual sediment loads at the Sacramento River at Freeport location showed a good relationship to observed data ( Figure S4 ). Table S5 . Daily flow statistics for the simulation period (All, 1958 (All, -2008 , the calibration period (C, 1998-2008) , and the validation period (V, 1980-1995) . R 2 = coefficient of determination, ME% = mean error, in percent, NSE = Nash Sutcliffe efficiency. Bold rows indicate gages located on the Sacramento River. Notes: 1 1958-1996, 2 1964-1998, 3 1959-1980, 4 1958-1975, 5 1958-1979 . 
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